During the final stage of mammalian spermatogenesis, the spermatidal chromatin is reorganized through changes in the complement of nuclear proteins. As a result, the nucleosome-like structure of the germ cell is transfigured into the smooth branching fibril of the spermatozoon (1) . Nucleosomal histones are transiently replaced by several different basic nuclear proteins called transition proteins, and finally by protamines. The TP family is thought to consist of four species (2, 3) . Except for rat and mouse TPl, these TPs contain cysteine residues which are partly cross-linked in chromatin by disulfide bridges (4) . Only TPl and TP2 are well characterized. Their amino acid sequences and the nucleotide sequences of their genes are known (5) (6) (7) (8) (9) (10) (11) (12) (13) , and attempts are being made to understand how they are transcriptionally and translationally regulat ed (11, 14) . Reconstitution experiments have shown that TPl is a DNA melting protein and TP2 is a DNA condensing protein with two possible zinc fingers (15) (16) (17) . Ram and boar TP3s migrate similarly in acid urea and SDS-PAGE (3, 18) . Recently, rat TP4 has been reported to be present in spermatids in steps 13-15 and to decrease in amount in steps [16] [17] [18] [19] , along with TP1 and TP2 (19) . The functions of TPs, however, have not been completely elucidated.
We have reported that TP1-4 are present in boar late spermatid nuclei (18) . However, we have not succeeded in isolating boar TP3 from the late spermatid nuclei. In this paper, we report two methods for isolating boar TP3 from acid composition and electrophoretic mobility in SDS-gel of TP3 are shown in Table I and Fig. 2 , respectively. Boar TP3 resembled ram TP3 (protein 7 in ram elongating spermatid nuclei) in containing cysteine and in its electrophoretic mobilities in AU and SDS-PAGE (3, 18) . Though boar late spermatid nuclei have not been separated into the elongat ing and elongated forms, these findings indicate that boar TP3 is a protein associated with DNA in the late spermatid nuclei. Boar TP3 was also directly extracted with acid from the testes. The acid-extract contained TP1 and TP3 with a large amount of core histones, histone H1 and HMG proteins. Almost all the core histones were removed by precipitation with 3% TCA. The remaining TPs, histone H1 and HMG proteins were recovered by precipitation with 20% TCA. The histone H1 and HMG proteins were removed by elution with 0.6M NaCl in sodium acetate buffer (pH 4.5) on a CM-Sephadex C-25 column, and TPs were recovered by elution with 2M NaCl. These were rechromatographed on CM-Sephadex C-25 (Fig. 3A) . TP3 was eluted in peak E at an NaCl concentration of around 1.0M (Fig. 3B) . The material in peak E was subjected to reverse-phase HPLC on Nucleosil 300 7C18 (Fig. 4A) . TP3 was eluted in the shaded fractions in Fig. 4B . The amino acid compositions of the fled to be alanine by the dansyl method (27) . Almost all the peptides produced by two enzymes were determined by manual Edman degradation. From their sequence and the enzyme specificities, all the peptides could be arranged from the N-terminus. Peptides L4 and C3 overlapped by one residue. The other regions overlapped unambiguously.
The amino acid sequence of RCM-TP3 was determined from the N-terminus up to 45 residues by use of a gas phase sequence analyzer. This confirmed the sequence deduced above. The amino acid composition of the purified RCM TP3 (Table I) agreed well with that calculated from the sequence determined. The molecular weight of TP3 was calculated to be 9,134. The phosphorylated serine residue observed in ram TP1 (6) and boar TP1 (T. Tobita et al., unpublished data) was not detected in TP3 during sequence determination. DISCUSSION TP3 belongs to the TP family on the basis of its amino acid composition, which is characterized by 38% basic amino acids and 19% hydroxy amino acids. Composed of 76 amino acid residues, TP3 is intermediate in size between TP1 (54 residues) in boars, rams, bulls, rats, mice, and humans (5 10), and TP2 (117-138 residues) in rats, mice, bulls, and boars (11) (12) (13) . The fact that TP3 (Mr 9,134) migrated between soybean trypsin inhibitor (Mr 21,500) and hen egg white lysozyme (Mr 14,400), corresponding to a protein with Mr of 17,800, and migrated similarly to calf thymus histone H2B (Mr 14,000) in SDS-PAGE (Fig. 2) , may be due to its higher basic amino acid content than that of calf thymus core histones. On the other hands, the semiloga rithmic plot of molecular weights against electrophoretic mobilities of boar TP1, TP3, and calf thymus histone Hl yields a good relationship (18) .
TP3 is characterized by two tryptophan residues located in the N-terminal 22 residues including a tryptophan inserted cluster of six basic amino acids and a stretch of four hydroxy amino acids. Tryptophan has not hitherto been found in histones, protamines, and TPs of known sequence. Basic amino acids of TP3 are evenly dispersed over the C-terminal two-thirds of the molecule as a single residue, di or tri-peptides each alternating with non-basic amino acids. Figure 9 shows an alignment for maximal similarity of the amino acid sequences of boar TP3 and TP1. TP3 has 27% homology with TP1. The N-terminal region (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) of TP3 is lacking in the known TP1 group, while the C-termi nal region of TP3 closely resembles boar TP1: sequences 30-34, 38-42, and 48-55 of TP3 show a high degree of homology with sequences 13-17, 21-25, and 28-34 of TP1, respectively, indicating the possibility that the N-terminal sequence (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) of TP3 may have become integrated into an ancestral TP1 to give rise to the TP3 ancestor. Hydro philicity plots (Fig. 10 ) also indicate that region 17-42 of TP3 has a close resemblance to 1-25 of TPl, and 47-76 of TP3 to 27-54 of TPl. Tyr 32 of TP1 in the region 28-34, which is conserved in all the known mammalian TP1 (6), has been postulated to be responsible for the destabilization of chromatin by intercalation of its phenol ring between the bases of double-stranded DNA (15) . Tyr 52 of TP3, corresponding to Tyr 32 of TP1 (Fig. 9) , may be involved in interactions with DNA to destabilize the chromatin. In addition, the presence of Trp 18 of TP3 flanked with two basic clusters (Fig. 9) suggests that TP3 is more effectively bound to DNA than TP1, thereby destabilizing the chro matin structure, and that TP3 functions differently from TP1 during the chromatin transformation from a nucleo some-like structure to a nucleoprotamine structure.
